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General land use and s o i l s  data collected by remote sensing techniques 
are being used i n  Soutn Dakota fo r  land use planning and land evaluation. 
The basic procedures for  i n t e r p ~  eting remote sensing imagery to  rapidly 
develop general so i l s  and land use inventories were developed and u t i l i zed  
i n  Penni ngton County, 5outh Dakota. These procedures and remote sensi ng 
data products have been i l l u s t r a t ed  and explained t o  many user groups, 
some of whom are  interested i n  obtaining similar  data. 

The general s o i l s  data were integrated w i t h  land s o i l s  dt!ta supplied 
by the county di rector  of equalization t o  prepare a  land value map. A 
computer print-out of t h i s  map indicating a  land value f o r  each quarter  
section is  being used i n  the tax reappraisal of Pennington County. The 
land use data have provided the land use planners with the present use 
of land i n  Pennington County. 

Additional uses of remote sensing applications a r e  a1 so discussed 
including tornado damage assessment, hai 1  damage eval ua  t i  on, and presentation 
of soi l  and land value infomation on base maps assembled from ERTS-1 imagery. 
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Use of Remote Sensing Techniques f o r  Inventory ing 
and Planning U t i l i z a t i o n  o t  Land 

Resources i n  South Dakota 

ANNUAL PROGRESS REPORT 
JULY 1973-JUNE 1974 

INTRODUCTION 

E f f i c i e n t  management o f  the ear th 's  resources i s  o f  paramount 

iniportance. The a p p l i c a t i o n  o f  remote sensing techniques t o  many phases 

o f  natura l  resource management has been proven bu t  the  use o f  these data 

by ac t ion  agencies i s  p resent iy  very 1 i m i  ted. Therefore, the preset?t 

a c t i v i t i e s  o f  the Remote Sensing I n s t i  t u t e  NASA ~ n i  ve rs i  ty A f f a i r s  Grant 

have been d i rec ted  toward the u t i l i z a t i o n  o f  remote sensing techniques 

by ac t ion  groups. 

The area selected f o r  app l i ca t i on  o f  remote sensing techniques was 

Pennington County, South Dakota. This county was selected as the study 

area because the v a r i e t y  o f  s o i l s  and l and  uses are representa t ive  o f  

Western South Dakota. The land area o f  the county i s  711,500 hectares 

(1,778,700 acres] c f  which the Black H i l l s  Nc t iona l  Forest, Bu f fa lo  Gap 

National Grassland, and Badlands National Monument comprise most o f  the 

280,100 hectares (700,300 acres) o f  pub l i c  land. I n  addi t ion,  t he  second 

la rges t  c i t y  i n  South Dakota, Rapid C i t y  (populat ion 55,000), i s  loca ted  

i n  the county. 

Once the study area was selected, a meeting w i t h  the county resource 

planners and managers was he ld  t o  accomplisll the f o l  lowing ob jec t ives :  

1. Expl a i  n remote sensing techno1 ogy 

2. Describe proposed remote sensing a c t i v i t i e s  i n  Penni ngton COUP+; 

3. Obtain a response from meeting p a r t i c i p a n t s  as t o  the  d e s i r a b i l i t y  

o f  conducting the study i n  Pennington County 

4. Determine s p e c l f i c  ac t i on  agencies t h a t  cou ld  use remote 

sensing data f o r  t h e i r  decis ion making processes. 

As a r e s u ? t  o f  t h i s  meeting the  fo l l ow ing  agencies were deemed most 

l i k e l y  t o  provide i n p u t  and t o  use the ou tput  of  the  remote sensing app l ica t ions :  

1 



I 
1. South Dakota S i x th  Model Rural Development and Planning D i s t r i c t  

(S i x th  D i s t r i c t  Council o f  Goverment) 

2. Black H i  11s Conservancy Sub-D is t r i c t  

3. Pennington County Planning and Zoning Conmission 

4 .  USDA So i l  Conservation Service 

5. Penni ngton County D i  r e c t c r  o f  Equal i za t ion  ! I 
6. USDA Forest Service 

7. USDA Agr icu l  t u r a l  Stabi 1 i z a t i  on and Conservation Service 
These agencies were contacted i n d i v i d u a l l y  and poss ib le  app l ica t ions  o f  

remote sensing technology t o  t h e i r  problems were discussed i n  d e t a i l .  

This r e p o r t  contains the progress t o  date i n  t he  various app l i ca t i on  

areas which are  being pursued. The major e f f o r t  i n  Pennington County, 

South Dakota, i nvo l v ing  s o i l s  inventory and land eva lua t ion  w i i  1 be discussed 1 
I 

f i r s t .  Then, add i t i ona l  studies o f  remote sensing app l ica t ions  w i l l  be i 
! 

discussed. These e f f o r t s  are being funded i n  p a r t  by the State o f  South 1 
Dakota, the s p e c i f i c  ac t i on  agency, and the NASA U n i v e r s i t y  A f f a i r s  Grant. 

I t  i s  estimated t h a t  a minimum o f  40 percent o f  the  t o t a l  support requ i red  I 

i 

for  the e f f o r t s  described here in  are coming f ,.om the  invo lved a c t i o n  agencies. 
i 
I 

i 
! 

General So i l s  Inventory , 
I 

The 1970 South Dakota l e g i s l a t u r e  enacted a law which requ i red  t h a t  

a g r i c u l t u r a l  land be assessed f o r  t axa t i on  purposes according t o  the  

po ten t i a l  o f  the land t o  produce a g r i c u l t u r a l  crops o r  n a t i v e  grasses. 

Subsequent t o  the 1970 l e g i s l a t i v e  d i r e c t i v e ,  guides f o r  l and  eva lua t ion  

were developed f o r  each county i n  South Dakota (Westir? e t  a1 . , 1974). 

These guides u t i  1 i z e  y i e l d  estimates, s o i l  inventory  in format ion,  and 

sales data t o  develop a d o l l a r  value f ~ r  each k i n d  o f  s o i l  l i m i t a t i o n  for  

the county d i  rec tors  o f  equal i zation. 

Adequate s o i l  surveys ~Iecessary t o  use the county land eva lua t ion  i 

guides are n o t  ava i l ab le  f o r  41 of the  67 counties i n  South Dakota. I 
i 

Pennington County i s  one of the  count ies which does n o t  have adequate s o i l s  I 
'B 

in format ion t o  comply w i t h  the d i  r e c t i  ves o f  t he  1970 l eg i s la tu re .  

2 



The present methods of surveying s o i l s  a r e  too time c* .. , ! . . ? q  and 
expensive t o  f u l f i l l  the need i n  the required time peric + The . 
required to  co l l ec t  soi 1s data by remote sensing techniql~cs becomes 
greater  as the so i l s  information becomes more detai led.  For general 
s o i l s  data,  ERTS-1 imagery was interpreted since i t  was available and 
could be provided quickly fo r  alniost immediate use. 

Procedures 

The ERTS-1 imagery available for  Pennington County was evaluated and 
transparencies from three dates were selected fo r  fur ther  analysis (Table 

1). Color transparency composites a t  1: 1,000,000 scale  were made from 
bands 4,  5, and 7,  and enlargement negative p r i n t s  a t  scales of 1:500,000 
and 1:250,000 were made from bands 5 and 7 from the Septeniber 6 and October 
12 imagery, A band-7 transparency for  December 5, 1973, was enlarged t o  
1:250,000. The area was snow covered a t  t h i s  time. 

Table 1. ERTS-1 imagery of Pennington County, South Dakota used f o r  
interpretat ion of so i l s .  

C O S I E K T - = = ~  rgieKn t 
- 

Frame Color Transpar- Pr in t s  of Bands 5 & 7 
Identi f i -  Compo- encies , Bands 1 1 

Date cation s i t e  4,5,6 & 7 500,000 2- 
September 6 ,  1972 1045-17063 X X X X 
October 12, 1972 1081-17064 X X X X 
December 5, 1972 1135-17078 X X 
December 5, 1972 1135- 17074 X X 

--P---- 

The ERTS-1 imagery was interpreted using a l i g h t  table  and a three power 
magnifying glass. Areas with similar  image ~ i l a r a c t e r i s t i c s  were delineated 
on w l a r  on imagery from September 6 ,  1972. T h i s  overlay was then placed 
over the other  color composite and positive black and whlte transparencies 
fo r  additional interpretat ion uslng the data from the other dates,  

For f ie:< checking, the ERTS-1 in terpre ta t ion was transferred t o  a 
1: 250,000 USG? topographic map and a 1:60,000 ASCS photo index map of 



Penni ngton County. The f i e l d  checking cons1 sted of a reconnaissance 
survey by a resource team consisting of a geologist ,  range s c i en t i s t ,  
and soi l  s c i en t i s t ,  which described t h G  s o i l s ,  vegetation, and geology 
fo r  each mapping u n i t .  The general s o i l s  map interpreted from ERTS-1 

imagery i s  shown f n  Figure 1. Table 2 provides the map legend which 
inclddes a descript ion of s o i l s ,  geology, and lanb use along with sui t -  
abi 1 i ty  rat ings f o r  rangeland, crop1 and, and groundwater development. 

Usefulness of ERTS-1 Imagery 

The color canposite transparencies of the ERTS-1 imagery were most 
useful f o r  i nterpretat ion of boundaries among the soi 1 scape areas.  The 
interactions among the individual bands provided an additional charact.er- 
i s t i c  fo r  in terpre ta t ion (Figure 1 ) .  Most of the  boundaries of the so i l -  
scape areas were delineated very we1 1 on the ERTS-1 imagery (Figure 2). 
The thick 1 ines in  Figure 2 mark those boundaries located on ' ground 
which were not detected from the ERTS-1 imagery. The del 3ns were 
e i the r  too small o r  too similar  to  adjoining areas. The fib, .aaries be- 

tween the soilscape areas were as  eas i ly  interpreted from transparencies 
a t  a scale  of 1:1,000,000 as from enlargement p r in t s  a t  a scale  of 
1:250,000. Areas such a s  flood plains however, which were toe small t o  
delineate using the  cc lo r  cornp~site transparency a t  a scale of 1:1,000,000, 
could be mapped using the 1:250,000 enlargement pr in ts .  

The image features  o r  character is t ics  of the  C..TS-1 color composite 
transparency used fo r  interpret ing the  soi lscape boundaries were tone, 
color,  land use patterns,  and drainage patterns. Figure 3 provides an 
i l l u s t r a t i on  of t h e  use of drainage pattern,  color ,  and land use patterns 
t o  delineate soi 1 scapes in northern Penni ngton County. Drai nage pattern 
was used in  conjunction with color patterns t o  in te rpre t  the boundary 
between the steep shale breaks (Bl) and h i l l y  t o  s teep sandstone breaks 

(Cl). The steep shale  breaks have yellowish-red hues and a dendr i t ic  
draihage pattern (Figure 3 ) .  Difference- i n  color were u t i l i zed  t o  draw 
the boundary between the undulating shale plains (B4) and the undulating 
t o  gently r o l l  ing sandstone uplands (C3). 

4 
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Drainage Pattern--C1 was separated from 01 by change i n  drainage pat tern  
and color. C1 has reddish colors  and a dendr i t ic  drainage pattern. B1  
has ye1 1 owi sh-green colors and a pinnate drainage pattern. 

Coloc- -The boundary between 84 and C3 was delineated by a color change. 
The f i e l d s  in the B4 have lower reflectance. 

Land Use--The 83 areas have a rangeland land use pattern. The 84 areas 
have a cropland pattern. 

Figure 3. Use o f  drainage pattern,  color and land use pattern features  
of ERTS-1 imagery t o  del lneate soilscapes of northern Penn- 
ington Coui,:y. Enlargement p r i n t  of color composite. July 
9, 1973. 1351-17064. Scele = 1:250,000. 

10 



These two areas have similar  land use patterns,  but the reflectance from 

the so i l s  developed froni the olive-gray Pierre Shale i s  l e ss  than tha t  

from the s o i l s  developed froin the grayish-brown Fox Hi1 1s Formation 

(Figure 3 ) .  

I n  sulnniary, the advantages of ERTS-1 imagery most useful t o  t h i s  

study were the synoptic view and mu1 t i spect ra l  iniagery. The s y n o p ~ i  c 

view provided by ERTS-1 imagery allowed large areas to be viewed and 

studied from the ssiie perspective. Therefore, differences in reflectance 

pat ter r~s  of noncontiguous areas a re  ~ean ingfu l  a,?d can be used t o  

del ineate general soi 1 areas (soilscapes) . The m1.1 t i  spectral  fea ture  

of ERTS-1 imagery prqvides a new tool fo r  studying so i l  differences.  

Com~ari son Wi t h  Existina Soil Associati on M ~ P  

More areas were drl  ineated on the soilscape map using ERTS-1 imagery 

as described above than oil the exist ing soi l  association map (Figures 1 

and 4 ) .  Three r e a i m s  may be c i ted  t o  explain t h i s .  The soilscape map 

i s  a t  a scale of 1: 250,000 whereas the exist ing soi l  associat ion map i s  

a t  a scale  of 1: 503,000. More and smaller areas may be delineated on the 

larger scale map. Secondly, the f i e l d  work provided addi t ional  information 

which was used t o  dist inguish more areas. The exist ing so i l  associat ion 

map was based upon previous f i e l d  information, and no f i e l d  checking was 

performed in i t s  preparation. Thirdly, the use of the ERTS-1 imagery 

a1 lows fur ther  del i  neations within some of the 1 arge so i l  associat ions 

on the exist icg map. These separations are obvious when the exis t ing map 

i s  plotted on the photographic-li ke background of the ERTS-1 imagery rather 

than a 1 ine map. 
The major differences between the two xzps a re  in the areas w i t h  s o i l s  

formed on the Fox Hi1 1s  Formation, White River Sediments, and t e r races  

overlying the Pierre  Shale. The Badlands association (69) of the ex s t ing  

map was spl i t  in to  two soilscapes ( A l ,  barren badlands and A3,  badland 

basins). This separation was made possible by the use o f  a photographic 

image background. The barren badlands have a very high reflectance ( l i gh t  

11 



5 
N

ev
ee

-S
pe

ar
f 
i
 s h

 
6 

S
pe

ar
fi

sh
-N

ev
ee

 
7 

B
ut

ch
e-

C
an

yo
n 

8 
C

an
yo

n-
B

ut
ch

e 
32

 R
al

ph
-C

ab
ba

rt
-R

eg
en

t 
36

 C
ap

ut
a-

S
ot

an
ta

 
37

 R
ee

 
39

 S
at

an
ta

 

43
 P

en
ro

se
-M

in
ne

qu
a 

44
 P

ie
rr

e-
K

yl
e 

47
 P

i e
rr

e-
S

am
si

 1
 

48
 G

ru
n

it
 

50
 S

am
si

l-
Li

sm
as

-P
ie

rr
e 

57
 V

al
 e

nt
in

e-
A

ns
el

m
o 

60
 W

an
bl

ee
 

62
 G

le
nb

ur
g-

H
av

er
so

n 
63

 H
av

er
so

n 
64

 L
oa

m
y 

a
ll

u
v

ia
l 

la
n

d
 

65
 B

an
ka

rd
-K

yl
e 

69
 B

ad
la

nd
s 

F
ig

u
re

 4
. 

C
ur

re
nt

 s
oi

 1
 a

ss
o

ci
at

io
n

 m
ap

 o
f 

ea
st

er
n

 P
en

nl
ng

to
n 

C
ou

nt
y 

(W
es

ti
n 

an
d 

B
an

nl
st

er
. 

19
71

).
 

O
ri

g
in

al
 s

ca
le

 =
 1

: 5
00

,0
00

. 



photographic tone) which can be used to distinguish the areas from other 

soilscapes (Figures 1 and 4). The Ralph-Cabbart-Regent area (32) on the 

existing map was divided into four parts using color and color pattern 

interpretations (Figures 1, 3,  and 4).  The rangeland soi lscapes C1 and 

C 2  were separated from the cropland soilscapes C3 and C 4  by the difference 

in the color pattern of the ERTS-1 iniage which i s  due t o  the difference 

in land use (Figure 1 and Table 2). The area denoted by C1 i s  distinguished 

from C2 by a more dis t inct  drainage pattern (Figure 1 ) .  C3 i s  located 

physically separate from C4. The Caputa soil  association (36) was separated 

into three parts ut i l  izing differences in color patterns related to  land 

use (Figure 1). T h s  B5 soilscape i s  dominal~tly rangeland; whereas, the 

87 soilscape i s  mostly cropland. 

Recommendations for Use of EFTS-1 Imagery to  Interpret Gcieral Soil Maps 

The ERTS-1 imagery gives soil  scient is ts  a new tool for interpreting 

general soil  areas. The use of ERTS-1 imagery for preparing a general 

soils map has been discussed in this  paper. Based upon th i s  work, the 

fol lowing recornendations are intended to provide guide1 i nes for use of 
ERTS-1 imagery to obtain soil information for  areas where so i l s  data are 

1 acki ng.  
The following materials are needed: 

1. ERTS-1 imagery -- single band transparencies, color 
composite transparencies, preferably for  more than one 
season 

2. Enlargement prints of ERTS-1 imagery -- scale to base 
maps, the 1: 250,000 USGS topograp hic map ser ies  covers 
the ent i re  U.S. 

3 .  Existing soil and geologic information 

4. Topographic or other exlstlng base maps 

5. Photo index maps for existing a i rc raf t  coverage -- 
useful for  plotting boundaries interpreted on ERTS-1 
imagery. 

ERTS-1 imagery can be enlarged t o  1:125,000 without a serious loss o f  detail .  

The production o f  a general so i l s  map using ERTS-1 imagery can be sep- 
arated into three major parts. The first part, involves the following items: 



1. Locating and eva lua t ing  ex i s t i ng  ERTS-1 imagery 

2. Summarizing e x i s t i n g  s o i l s  infomiation 

3.  In te rpre t ing  EKTS-1 imagery 

4. Drafting i n i  t i  a1 legend and map 

5. Transferr ing map t o  1:250,000 topographic map f o r  
f i e l d  checking. 

This par t  involves from 1 t o  1'2 weeks time. 

The second p a r t  i s  the  f i e l d  checking of the in t e rp re t ed  map. 

Boundaries in te rpre ted  in  the o f f i c e  a r e  vcr i  f i e d .  The s o i l s ,  geologic  

mater ia l ,  and vegetation a r e  descr ibed f o r  each mapping uni t .  The time 

needed to cornplete t h i s  pa r t  i s  dependent upon the  s i z e  of the  area.  For 

sn a rea  s imi l a r  i n  s i z e  t o  ea s t e rn  Pennington County (400,000 hec tares  o r  

i ,000,000 a c r e s )  which had some s o i l s  information ava i l ab l e ,  2 t o  3 weeks 

time was necessary f o r  the f i e l d  work. 

The f i n a l  p a r t  includes dral ' t ing the f i n a l  map and legend and wr i t i ng  

the report .  One to  two weeks a r e  required f o r  t h i s  work. 

Land Eva1 uation 

The so i l scape  map was used along with do1 l a r  values from land s a l e s  

supplied by the  d i r e c t o r  of equal iza t ion  t o  prepare a  land value map (Figure 

5) .  This map has been provided t o  the Pennington County Director  o f  Equali- 
zat ion f o r  evaluat ion and use. 

The general so i  1s data  a r e  being used by the  Director  of Equal izat ion 

in  comparing the average value o f  general soi  1  a r eas  i n  the  county f o r  

equal izat ion among areas .  

I .  This map was prepared by: 

1. Calculat ing a  product.ivity index f o r  each so i l scape  area.  
The y i e l d s  f o r  both a g r i c u l t u r a l  crops and ns t ive  grass  
were used. The y i e l d s  a r e  sumnarized by land c a p a b i l i t y  
subclass  and range s i t e  (Ilestin e t  a1 . , 1974). 

2. Relating the land s a l e s  i n  t he  county to  t he  soil a r eas .  
A value I s  determined f o r  each kind o f  s o i l  i n  the  county 
based upon the  product iv i ty  index. 





3 .  Util izing t h i s  relat ionship along w i t h  the so i l  data,  the 
land value fo r  each soilscape area i s  computed. 

Atter  several meetings w i t h  the  S ta te  Department of Revenue, i t  was 
decided tha t  a computer p r i n t  out indicating a land value fo r  each quarter 
section (160 a c r a )  would be useful f o r  appraising land value fo r  taxation. 
The generLl s o i l s  map of Pennington County, was coded in to  Ihe computer 
on a quarter section basis .  A computer program was written t o  reelate the 
procedures f o r  Jeterminiilg land value to  the so i l s  data. The resul t ing 
computer print-out i s  shown i n  Figure 6.  This infomation is being used 

by the appraisers of the consulting firm which i s  reappraising Pennington 
Ccunty. I f  t h i s  approach proves useful ,  the other counties i n  western 
South Dakota which need s o i l s  data fo r  land evaluation will be interested 
i n  securing similar  data. I t  should be noted tha t  t h i c ,  level of information 
i s  not cuitable fo r  evaluating individual parcels of land b u t  i t  can be 
used as an equalization guide among various so i l  units. 

T h i s  work was reported a t  the N i n t h  International Symposium on Remot? 
rensing of the Environment held April 15-19, 1974, a t  Ann Arbor, Michigan 

(Frazee e t  a1 . , 1974). In addit ion,  a newspaper release on the work hzs 
been sent  t o  the major new-papers in South Dakota and a iialf-hour television 
program on the South Cakota Educational Nethdrk was presented. 

This work has been reviewed by the Bureau of lndian Affairs fo r  use 
in providing s o i l s  data fo r  water r ights  determination on the Roszbud 
Reservation. Based upon this review, they have funded a contract t o  provide 
general ssi  1s data f o r  the Rosebud Reservation and surrounding areas 
u t i l i z ing  the remote sensing methods and techniques developed i n  the Pe,~n- 
ington Colrnty study. Thd s o i l s  data wil l  provide basic information fo r  a 
reservation-vl+de hydrologic study. The area being stbdied under tt,i s 
contract  i s  over 5,030,630 acres (2 ,0@0,00~ hectares) .  

The soi l  map and land evaluation map of Pennington County have 
generated considerable i n t e r z s t  in other counties. To date,  cos+ est'imatss 
for. three other counties have been prepared and sent  to the local county 
d i .  ectors of equdlizatiLn (see h.ppendi x A ) .  Other agenc ies  which h a v e  

been contacted and wkich have shown in te res t  a r e  the U.S. Forest Service, 
Planrling Bureau, and the Vnited i ioux Tr'bes. 
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Detai 1 ed So i l  s Inventorv 

A i r c r a f t  imagery i s  being used t o  ex t rac t  de tn i l ed  s o i l s  information. 

Because o f  t he  t ime requi red,  i n t e r p r e t a t i o n  i s  being l i m i t e d  t o  a seven 

township area using the a i r c r a f t  data. Black and :;hi t e  A g r i c u l t u r a l  

S t a b i l i z a t i o n  and Conservation Service ( A X !  -s;togriphs o f  t he  area have 

been procured a t  a scale o f  1:20,000. H i g h  1.ude NASA ?!:--57 imagery 

a t  a scale o f  1:125,000 i s  a lso ava i l ab le  fo; .... drpretatic!:~. Pre l iminary 

i n t e r p r e t a t i o n  o f  the area i s  almost complete. F ie ld  checking and eval-  

uat ion i n  cooperatlon w i t h  the USDA S o i l  Conservation Service w i l l  be 

scheduled. 

The de ta i l ed  s o i l s  data w i l l  be used by the  County D i r e c t o r  of 

Equal izat ion i n  the f o l l o w i n g  manner: 

1. For each t r a c t  o f  a g r i c u l t u r a l  land, the acrzs o f  each 
s o i l  mapping u n i t  a re  measured 

2 .  The value o f  each land t r a c t  i s  determined by the  d o l l a r  
value f o r  each s o i l  type mu1 t i p l i e d  by the acreage o f  
t h a t  s o i l  

3. The sumnation of the values o f  each s o i l  area w i t h i n  the  
parcel i s  the  t o t a l  value o f  bare a g r i c u l t u r a l  land. 

The USDA S o i l  Conservation Service (SCS) w i l l  a s s i s t  i n  the evaluat ion 

c f  the de ta i l ed  s o i l s  data obtained by u t i l i z i n g  remote sensing methods and 

i n  the determinat ion o f  whether o r  n o t  present methods o f  surveying s o i l s  

cafi be improved w i t h  r e r o t e  sensing data. Once the  de ta i l ed  s o i l  surve? 

has been evalua Led and studied f o r  usefulness, the county comnissio~?ctrs 

w i l l  be asked t o  prov ide money support f o r  surveying the s o i l s  o f  the 

remainder o f  Pennington County. 



USDA-SCS COOPERATION 

Soi 1 Mapping U n i t  - Composi t con  

A s o i l  survey r e p o r t  i nc ludes  t he  d e s c r i p t i o n  o f  s o i l  composi t ion 

( k i nd  and amount of each s o i l )  f o r  each s o i l  mappinq u n i t  (area) .  The 

development of t h i s  i n f o rma t i on  requ i r es  an experienced s o i l  surveyor 

and i s  ve ry  t ime  consuming. Previous work has suggested t h a t  d e n s i t y  

s l i c i n g  techniques may be use fu l  t o  t : * e  s o i l  surveyor f o r  determin ing 
, -~ 

t he  cornp~s i  t i o n  o f  s o i l  mabping u n i t s  . razee, Myers, a ~ d  Westin, 1972). 

Th is  s tudy con:isted o f  canpar ing a remote SE- s i n g  techn ique  (dens i t y  

s l i c i n g )  w i t h  t h e  standard methods o f  de te rmin ing  s o i  I composi t ion ( t r an -  

sec t  method) us i ng  a d e t a i l e d  map f o r  c o n t r o l .  Th i s  ~ v o r k  i s  being accos+l i s h -  

ed coopera t i ve ly  w i t h  t h e  s o i l  surveyors1 who a r e  i n  t h e  process of pre-  

par ing  a d e t a i l e d  s o i l  survey f o r  Beadle County, South D?.kota. 

Four d i f f e r e n t  areas o f  the  same s o i l  mapping u n i t  i n  Beadle County 

were se lec ted  f o r  study. These f i e l d s  were s e l ~ c t e d  randomly from t i l e  

A g r i c u l t u r a l  S tab i  1 i z a t  i on  and Conservat ior~ Serv ice (ASCS) photucj;.a?hs 

which were used i n  t h e  m a p p i ~ g  of Beadle County. These b l a c k  and w h i t e  

ASCS f i e l d  sheets (photographs) were used due t o  t h e i r  a v a i l a b i l i t y  and 

sca le  (1:15,840). They were taken i n  J u l y  1257. The c o n t r a s t  o r  t h e  

photographs was poor i n  comparisbn t o  more recen t  remote sel ls ing i ~ a g e s .  

T!:e dens i t y  s l i c i n g  was accomplished by p l a c i n g  t h e  b l a c k  and wh i te  

photographs over  t h e  l i g h t  source on t h e  d e n s i t y  s l i c i n g  dev ice.  The 

tone ~ e n s i t y  was d i v i d e d  i n t o  e i g h t  l e v e l s .  The e i g h t  d e n s i t y  l e v e l s  

were i n t e r p r e t e d  by i n e  s o i l  surveyors as t o  t h e  s o i l s  they represent&. 

Three m j o r  ca tego r i es  of s o i l s  were assmed: H a ~ d  s o i l ,  B o n i l l a  s o i l s ,  

and o t h e r  s o i l s .  The percent  composi t ion of these ca tegor ies  .!as determined 

using t h e  automat l c  p lan imete r  associated w i t h  t he  densing s l i c i n g  machine. 

L i n e  t r ansec t s  were condl~cted i n  a l l  f x r  f i e l d s  by t ransect ' ing t he  

f i e l d  tw ice  d i agona l l y .  The l i n e  t r a n s e c t  metnod i s  r o u t i n e l y  used by s o i l  

surveyors and assumes t h e  s o i l  mapper can recognize t h e  s o i l  w i t hou t  bor ing.  

(D. H e i l  , USDA-SCS, Beadle County Survey Pa r t y  Ch ie f  and D. Bannis ter ,  
USDA-SCS, S t a t e  Soi 1 S c i e n t i s t .  



The pacer rscorded the number of paces between soi l  breaks while the other 
twc members of the party observed the soi l .  The paces for  each soii series 
were subsequently sumned for the who1 e f ie ld and converted to percentages. 
Percent composition was determined for three groupings of the soi ls :  Hand, 
Bonilla, and Others (included so i l s ) .  

The detailed mapping was considered the cantrol and was conducted 
af te r  the transects were completed. Individual phases of soil series 
l a r ~ e  enough to delineate a t  the scale of the f ie ld  sheet (1:15,840) h ~ r e  
separateb. The f ie lds  were  broke^ down into the same soil  categories 
as t he  transect data: Hand, Lonilla, and Others. Overlays were constructed 
for each soil category and measured w i t h  the automatic planimeter of the 
density slicing machine t o  determine the percent of each. The percent of 
each category was determined, and the display vias photographed for comparison 
with the d e ~ s i t y  sliced output. Figure 7 i l l u s t r a t e s  the! comparison of the 
results for each method. 

Upon comparison with the detailed map, the 1 ight tones or lighter 
colors f r eque~ t ly  corresponded to Ethan, Davison, Tetonka, and Dudley 
soi 1 s (Others). The dark tones or darker colors general ly corresponded 
to the Bonilla soi ls  and the medium tones to  the Hand so i l s  (Figure 7 ) .  

liowever, composition was d i f f i cu l t  to  determine as the same tones did not 
always correspond to any one soi 1. For example, some Hand soi 1 s occurred 
wixhin both the encoded dark tones and also within the encoded light tones. 
When the percentages of the encoded composi tes from the density slicing 
analysis were averaged, the average composition of the four fields was 39% 

Hand, 44% Bonilla, and 17% other soi ls  (Table 3 ) .  

The line transect method required approximately 1.5 hours for an 
(80 acre) f ie ld  whereas the density slicing method required 30 to 40 minutes. 
An average cmposi tion of 42.5% Hand, 37% Bonilla, and 20,5P, other soi 1s was 
determined for the four f ie lds  by the l ine transect method (Table 3 ) .  

The detailed mapping of the four f ie lds  provided a check and was used 

as a basis for comparing the results of the transect method and the density 
slicing. Average composition of  the f o u r  f ie lds  was 36.5% Hand, 3 5 Z  Bonilla, 

and 28.5% other so i l s  (Table 3 ) .  
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Table 3. Percent composit ion o f  the Hand-Bonilla s o i l  mapping u n i t  
obtained w i t h  the dens i ty  s l i c i n g  1 ines transect,  and de ta i l ed  
survey methods. 

C -- 

F i e l d  
No. .-- - Density s l  i c i n q  L ine t ransec t  Deta i  1 ed survey 

Hand B o n i l l a  Others Hand B o n i l l a  Others Hand B o n i l l a  Others - - - 
1 48 23 29 3 7 3 8 25 4 8 28 2 4 

Ave. 39 44 17 42.5 37 20.5 36.5 35 28.5 

The s o i l s  composit ion of the s o i l  mapping u n i t  as estimated by both 

the dens i ty  s l i c i n g  analyses and t ransec t  methods was s i m i l a r  (Table 3 ) .  

The dens i ty  s l i c i n g  method was no t  successful i n  mapping the i nd i v idua l  

so i  1s which comprise the mapping u n i t  because the  dens i ty  contrasts, t iming, 

and f i l m - f i l t e r  combinations o f  the photography were f a r  from idea l .  I f  
more cont ras t ing  photography had been avai lab le ,  b e t t e r  r e s u l t s  may have 

been achieved. A r e p o r t  e n t i t l e d  "Density S l i c i n g  f o r  Determining the 

Composition o f  a S o i l  Mapping Un i tn  has been w r i t t e n  and i s  i n  the f i n a l  

stages o f  review. 

The dens i ty  s l i c i n g  techniques employed i n  t h i s  work w i l l  be evaluated 

i n  other  s i tua t ions .  A proposal e n t i t l e d  "Use o f  Remote Sensing Data t o  

Del ineate Claypan Soi 1 s Requir ing Deep Plowing i n  the Oahe Pro jec t "  has 

been submitted t o  the  U.S. Bureau o f  Reclamation, This proposal suggests 

studying dens i ty  s l i c i n g  analyses as a t o o l  f o r  b e t t e r  d e l i n e a t i o n  o r  

mapping o f  claypan s o i l s  r e q u i r i n g  deep plowing fo r  rec lamat ion before 

i r r i g a t i o n  i n  the Oahe p r o j e c t  area. 



Eva1 uaticrn o f  ERTS-1 iirial;ery ;or S o i l  S~trvey 

ERTS-1 interpretat ion techniques t o  permit del ineation o f  general 

s o i l  areas i s  a f a i r l y  recent development. Most s o i l  scient ists have not 
even seen ERTS-1 imagery and consequently are not fami l i a r  wi th  It? capa- 

b i  li t ies  or  the required interpretation. 1 
Ten South Dakota USDA-SCS s o i l  scient ists who are s o i l  survey party 

chiefs have been provided wi th  ERTS-1 contact p r i n t s  and pr in ts  a t  a scale 

o f  1:250,000 from 2 seasons of the year. I n  addition, color composite 

transparencies were sent t o  three county s o i l  surveyors. Remote Sensing 
Ins t i t u te  s o i l  scient ists are working wi th  the agency personnel providing 

t ra in ing and assistance i n  interpret ing the imagery. Additional ERTS-1 
imagery w i l l  be provided t o  the s o i l  scient ists as it becomes available. 

The s o i l  scient ists conments evaluating the ERTS-1 imagery f o r  t h e i r  use 

are included i n  Appendix B. 

This e f f o r t  i s  providing the opportunity f o r  s o i l  sc ient is ts  t o  

become knowledgeable about ERTS-1 imagery and t o  actual l y  evaluate how 

useful the imagery i s  for purposes of s o i l  surveying. It i s  hoped tha t  
the use o f  imagery i n  the s o i l  survey program w i l l  be established through 

t h i s  program. The USDA-SCS i s  providing a l l  the support f o r  the USDA-SCS 

s o i l  scient ists cooperating on t h i s  e f fo r t .  



LAND USE 

Current land use information is practically non-existent i n  South 
Dakota. The data that  are  available are cmmonly in tabular i,:'~. dlld 
not presented in a form suitable for  evaluation in terms of geographic 
distribution, S9.r.h Dakota i s  being encouraged, both by pressure within 
the s t a t e  and by pending federal l e ~ i s l a t i o n ,  to  develop land use plans 
a t  various levels. A1 though the ut.i 1 i ty of remote sensing techniques 
for certain aspects of land use planning has been established, i t s  use 
by local,  county, and s ta te  land use planning groups in South Dakota is  
very 1 imi ted. 

Pennington County, South Dakota, was selected as a t e s t  s i t e  t o  
i l l u s t r a t e  the use of ERTS-1 data for  level I land use inventorying 
(Anderson e t  a l . ,  1972) i n  Western South Dakota. The level I land use 
categories were interpreted from ERTS-1 color composite prints a t  a scale 
of 1:250,000. An overlay map showing the locacion and amount of each land 
use category of level I has been prepared (Figure 8). The inventory has 
been computer encoded using a 64 hectares (160 acre) cel l  size.  The data 
may be ei ther  printed out or displayed on a color television monitor (Figure 

9). A township boundary overlay has been prepared f o r  use in  locating the 
areas i n  the county. The South Dakota Sixth Model Rural Development and 
Planning Distr ic t  has the preliminary land use data and is u t i l iz ing  it for  
the i r  planning purposes. The primary use of the level I land use data is 
to  establish current land use and t o  indicate areas needing more detailed 
data . 

This land use inventory was reviewed by the Bureau of Indian Affairs 
soil  and range scient is ts ,  and a subsequent contract was entered into to  
obtain similar level I land use data for the Rosebud Reservation and 
surrounding areas. T h i s  inventory, plus an inventory delineating irrigated 
land, was provided for  an area of over Z,OOO,OOO hectares (5-million acres) 4 

on May 15, 1974. 
, 

The level I land use data have been described and discussed w i t h  many 1 
agencies and groups i n  South Dakota. Cost estimates have been submitted I 

to the State Planning Bureau of inventorying level I land use for  the ent i re  
s ta te  of South Dakota plus computer encoding o f  the data. Other agencies I 

E 
which have shown considerable interest  i n  obtaining land use data for  selected 
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portions o f  the s t a t e  are the USDA Forest Service for the Black Hills,  

USDA Soil Conservation Service for ~ e s t e r n  S o u t h  Dakota, and United Sioux 

Tribes for the Lower Brule Reservation. A popular type publication, which 

will explain level I land use data and how t o  use these data, i s  in 

preparation. 



BIA COOPERATION 

Resource Inventor ies  

The Bureau o f  Ind ian  A f f a i r s  has the r e s p o n s i b i l i t y  f o r  t he  resource 

management o f  vast  acreages. I n  South Dakota alone, Ind ian  lands comprise 

approximately 2,000,000 hectares (5 -m i l l i on  acres). Some reservat ions 

have d e t a i l e d  s o i l  data wh i l e  others have very l i m i t e d  s o i l s  information. 

I n  a1 1 cases, general resource maps requ i red  f o r  broad reservation-based 

planning are no t  avai lab le.  In te rpre ted  ERTS-1 imagery can prov ide  much 

o f  the broad based in fo rmat ion  requi red by BIA resource managers. This 

e f f o r t ,  funded p r i m a r i l y  by BIA but  u t i l i z i n g  NASA acquired imagery, was 

designed t o  i l l u s t r a t e  the u t i l i t y  of ERTS-1 data f o r  resource management 

o f  Ind ian  lands i n  South Dakota. 

A general s o i l  map o f  Ind ian  lands i n  Shannon County, South Dakota, 

has been prepared by i n t e r p r e t a t i o n  o f  an ERTS-1 c o l o r  transparency (Figure 

10). This map was prepared i n  cooperat ion w i t h  BIA personnel2. The 

Pine Ridge Ind ian  Reservation had completed a standard s o i l  survey and 

t h i s  in fo rmat ion  i s  being used t o  evaluate the usefulness and accuracy 

of the ERTS-1 i n te rp re ta t i on .  The s o i l  u n i t s  mapped from the ERTS-1 

image (Figure 10) were character ized according t o  land c a p a b i l i t y  suhclass 

and range s i t e ,  using the standard s o i l  survey maps published i n  the  - Soi l  

Survey o f  Shannon County (Radeke, 1971). The photo map u n i t s  i n te rp re ted  

from the ERTS-1 imagery had d i f f e r e n t  compositions o f  range s i t e s  and s o i l  

c a p a b i l i t y  classes and subclasses (Tables 4 and 5).  The data contained 

i n  Tables 4 and 5 i n d i c a t e  t h a t  areas r e l a t e d  t o  so i  1s can be i n te rp re ted  

from ERTS-1 imagery. Each of the photo-mapped u n i t s  i n te rp re ted  from ERTS-1 

imagery had an unique range s i t e  and land c a p a b i l i t y  subclass composition, 

Therefore, t h e  photo i n te rp re ted  u n i t s  were general s o i l  resource areas. 

The p r e l  im inary  ind ica t ions  are  t h a t  the in fo rmat ion  provlded by ERTS-1 

i n te rp re ta t i ons  are  super ior  t o  other  a v a i l a b l e  information f o r  reserva t ion  

wide planning. 

2 R. Carey, Area S o i l  S c i e n t i s t  
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Figure 10. Photo- interpreted u n i t s  o f  Shannon County on ERTS-1 composite. 
Sca le  = 1:500,000. August 19. 1972. 1027-17065. 



Table 4 .  Percent~ge o f  Land Capability Clasrcs and Subclasses within 
Photo Mapped Units 

i =At=;- - - - - =? =-== = - --A---.Et----l= --= -=== ---- T-2--=z-=,-i--- -.---a - --- -- 
Photo Mapped Unit 

1 2 3 4 5 6 7 3 

I VII s 8 2 3 27 53 



Table 5. Percentage of Range S i te5  Within Photo Mapped Units  

Photo Yapped Uni t  

3 
E 

2 
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r 
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5 
z 
C, 

g, 
1 

Sb 9 

Ov 7 3 1 2 
C D 
SL 3 
Sa 

SY 
s i  
cs 
CY 5 5 3 7 13 3 

CP 2 3 8 3 
Sw 6 16 3 3 7 

lll 3 
DC 5 1 2 

TCP 5 3 2 
NONE 3 5 48 8 1 



Conservation - 

On a l l  Ind ian lands, c e r t a i n  conservation pract ices such as s t r i p -  

cropping, contour farming, and te r rac ing  are requi red o f  farmers and 

ranchers leasing Ind ian  lands. The c e r t i f i c a t i o n  and moni tor ing of Ind ian  

lands t o  assure t h a t  adequate conservation pract ices are being adhered 

t o  i s  a s izab le  task. I n  f ac t ,  present techniques, coupled w i t h  l i : , i t e d  

personnel, are not  e f f e c t i v e l y  moni tor ing the  Ind ian  lands. 

Contact p r i n t s  of  s i ng le  band transparencies, co lo r  cornposi tes, and 

p r i n t s  of ERTS-1 imagery d t  scales o f  1: 500,000, 1:250,000, 1:125,000 

and 1:60,000 for two d i f f e r e n t  overpasses were evaluated f o r  i d e n t i f y i n g  

f i e l d s  which were wind s t r i  pcropped, contour s t r i  pcropped, or  g u l l y  eroded. 

Features such as reservo i rs ,  stockponds, we1 1 s, land use bound-~r ies,  and 

blow-outs, were a1 so studied f o r  ease o f  i d e n t i f i c a t i o n  from ERTS-1 imagery. 

Ter ta in  a g r i c u l t u r a l  conservation features such as wind s t r ipc ropp ing  

contour s t r ipcropping,  reservo i rs ,  and stoc kponds can be v i s u a l l y  i d e n t i f i e d  

on ERTS-1 imagery (Figure 11, Table 6). Other features l i k e  wel ls ,  blow 

outs, areas burned oy  f i r e ,  p r a i r i e  dog towns, and hay c u t t i n g  areas can 

on ly  be i d e n t i f i e d  w i t h  ground con t ro l  (Table 6). 

There i s  considerable po ten t i a l  f o r  using ERTS-1 imagery f o r  making 

general s o i l  maps and f o r  moni tor ing c e r t a i n  conservdt ion farming prac t ices  

and re la ted  a g r i c u l t u r a l  features. This type o f  in fo rmat ion  i s  use fu l  t o  

agencies, such as the  Gureau o f  Indian A f f a i r s ,  i n  areas where d e t a i l e d  

s o i l s  in format ion i s  no t  avai lab le.  

i 
Range Inventory  

Range inventor ies  o f  most o f  the Ind ian  lands f n South Dakota are 

completed. These inventor ies  provide basic  resource data fo r  land use and 

management decisions on Ind ian  lands. These inventor ies  prov ide d e t a i  led 
in format ion on range s i t e ,  range condi t ion,  wa te r i r~g  points,  and several 

other  categories o f  information obtained dur ing a fie;d survey. Coupled 

w i t h  information on cl imate, the data i n  these surveys permi t  est imates o f  
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stocking rates, crop y ie lds ,  and s u i t a b i l i t y  f o r  a v a r i e t y  o f  land use 

a1 ternat ives. Because o f  use changes, a need exist; f o r  techniques 

t o  p e r i o d i c a l l y  update and improve e x i s t i n g  inventories. A t  present, 

the Bureau o f  Ind ian A f f a i r s  does not  have s u f f i c i e n t  personnel t o  accomplish 

the updating work by conventional techniques. 

Previous work a t  the Remote Sensing I n s t i t u t e  i n  cooperation w i t h  the  

Bureau o f  Indian A f f a i r s  has derrronstrated t h a t  much o f  t he  s o i l  and range 

informat ion obtained by f i e l d  surveys can be in terpre ted from photographs 

(Frazee and Carey, 1972). Techniques t o  ex t rapo la te  remote sensing range 

and s o i l  in format ion from d e t a i l e d  t e s t  s i t e s  t o  other s i m i l a r  areas have 

not  been developed. The problem studied was t h a t  o f  p red ic t i ng  o r  est imat ing 

range product ion (herbage y i e l d )  using remote sensing technology, Vegetative 

and s o i l  data were co l l ec ted  f o r  rangeland t e s t  s i t e s  u t i l i z i n g  a 100 meter 

g r i d  sampl i ng  pattern. The f o l  1 owing 70-mn a i r c r a f t  imagery was c o l  l ec ted  

a t  the time o f  the  ground sampling: 

Camera # - Film F i  1 t e r  

1 B/W Plus-X (2402) 2 5A 

2 B/W Plus-X (2402) 58 

3 Color In f ra red  (2443) 15 + 30 m 

4 B/W I n f r a r e d  (2424) 898 

The imagery co l l ec ted  on J u l y  23, 1972, was d i g i t i z e d  u t i l i z i n g  t h e  

Signal Analysis and Dissemination Equipment (SADE) a t  the  Remote Sensing 

i n s t i t u t e  (Figure 12). Seven sets o f  d i g i t a l  data were obtained. One 

set  each f o r  the  black and wh i te  f i l m s  and 4 sets from the c o l o r  i n f ra red  

f i l m .  The d i g i t a l  data were re la ted  t o  the ground data by c o r r e l a t i o n  

and regression analysis. Both densi ty  s l i c i n g  and pat te rn  recogn i t i on  

approaches were used f o r  ex t rapo la t ion  from the t e s t  s i t e  t o  an ad jo in ing  

s i m i l a r  pasture. A r a t l o  of ERTS-1 imagery (MSS 5 and 7)  was u t i l i z e d  

t o  search f o r  a vegetat ive index or  t s t lma te  o f  herbage y ie lds.  

The 1 tnear c o r r e l a t i o n  coef f i c ien ts  between t h e  f i l m  data and ground 

data are shown i n  Table 7, Herbage y i e l d  (Ibs. o f  d r y  mat ter  per acre)  

was s i g n i f i c a n t l y  r e l a t e d  t o  f i l m  densi ty  f o r  the co lor  i n f r a r e d  f i l m  and 



SAD€ was designed as a s t a t e  of the a r t  data analysis 
system with a highly flexible modular design. In the independent 
off-line mode the system provides n10njt0r display of digi ta l  
film or analog tape data and transm~ssion o f  analog information 
t o  the film printer. When on-line with the computer, the system 
provides transmission of digitized image data and analog tape 
data to  the computer and transmission of data stored or trans- 
formed in the computer back to the display monitor or the f ilrn 
printer. The system i s  composed of the following compments: 

1. Image digf t izer  (image dissector tube) 
2. Data control and conversion unit 
3. Lockheed 417 seven track analog %ape recorder 
4. Daedalus film printer 
5. Band pass f i l t e r s  

Red - .59 - .70vrn 
Green - .47 - .62pm 
Blue - .36 - .50pm 

Figure 12. Signal Analysis and Dissemination Equipment. I 





b l a c k  and white f i l m s  w i t h  58 o r  25A f i l t e r  but not  w i t h  the black and 

whi te i n f r a r e d  f i l m .  The re la t i onsh ips  between f i l m  dens i ty  and herbage 

y i e l d  were n o t  improved by m u l t i p l e  c o r r e l a t i o n  analys is  o r  by the use 

of transformations o f  the d i g i t a l  data. 

The c l a s s i f i c a t i o n  o f  range s i t e  i s  i l l u s t r a t e d  i n  F igure 13. The 

h-cl  ass technique i s  based upon pa t te rn  recogn i t i on  analys is  o f  t r a i n i n g  

samples f o r  each c lass.  The i n t e r a c t i v e  c l a s s i f i c a t i o n  i s  based upon a  

v i sua l  evaluat ion o f  the d i g i t a l  p r i n tou t .  One band o r  s e t  o f  d i g i t a l  

data was adequate f o r  c l a s s i f i c a t i o n .  Results were d isp layed an the  

co lo r  t e l e v i s i o n  monitor o f  the  SAr L system (Figure 13). The best  

equation for est imat ing y i e l d  was y i e l d  = 9931.3 - 62.5 (output  code o f  

EK-IR f i l m  - no f i l t e r ) .  U t i l i z i n g  t h i s  equation based upon the  d e t a i l e d  
t e s t  s i t e ,  the mean y i e l d  was 1744 lbs /acre  wnich compare favorably 

w i t h  the estimated mean y i e l d  from ground observations o f  (1830 1  bs lacre)  . 
This type o f  ex t rapo la t i on  i s  l i m i t e d  by sun angle and v i g n e t t i n g  e f f e c t s  

inherent  w i t h  l ow-a l t i t ude  photography. 

ERTS-1 data (bands 5 and 7) were d i g i t i z e d  from %-inch transparencies 

and rat. ioed. The r a t i o e d  (517) data were most sens i t i ve  t o  vegetat ive 

d i f fe rences and demonstrated a  st rong inverse r e l a t i o n s h i p  t o  ground cover 

(Figure 14). Wi th in  a  general area o f  s i m i l a r  s o i l s  and range s i t es ,  t h i s  

index i s  a  good measurement o f  vegetat ive cover. 

I n  a d d i t i o n  t o  Remote Sensing personnel, f i v e  s p e c i a l i s t s 3  from the  

Bureau o f  I nd ian  A f f a i r s  a r e  involved. The Bureau o f  I nd ian  A f f a i r s  

furn ished approximately f o u r  man-months o f  work p lus  t r a v e l  t o  t h i s  

e f f o r t .  

Matel* Resources P l  anning 

The Bureau o f  Ind ian  A f f a i  rs i s  present ly  au thor iz ing  funding f o r  

comprehensive water resource p lanning on Ind ian  reservat ions.  The 

Rosebud Reservation i s  developing a  comprehensive water resources p lan  and 

has enetered i n t o  a  con t rac t  w i t h  a  p r i v a t e  consu l t ing  f i r m  t o  update and 

3 R. Carey, Area S o i l  S c i e n t i s t ,  C. Reed, Range Sc ien t i s t ,  C. Owens, Range 
Conservat ionist ,  3 .  Warkentin, S o i l  S c i e n t i s t ,  R. Wil l iams, S o i l  S c i e n t i s t .  
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compile a1 1 basic resource data f o r  the reservation. The Remote Sensing 
Ins t i tu te  has entered in to  a contract w i t h  t h e  private consulting firm to  
provide ERTS-1 interpreted so i l  s ,  land use, and i r r iga t ion  development 
data. The techniques employed t o  prepare these inventories were developed 
urtjer RSI ' s  NASA grant. 

Pr in ts  a t  a scale  of 1: 250,000 from color composite transparencies, 
band 5, and band 7 ERTS-1 imagery were mosaiced fo r  interpretat ion.  So i l ,  
land use, and i r r iga t ion  development (Figure 15) were interpreted from 
ERTS-1 imagery and transferred to  the 1:250,000 USGS topographic map of 
the area. 

The s o i l s  and land use data will be used t o  evaluate potential s i t e s  
for  water resources development on the reservation. The use of ERTS-1 

imagery has allowed the extrapolation of rescurce data from known to  
unknown areas. This extrapolat  iov approach i s  applicable t o  other Indian 
reservations which w i  11 be developing comprehensive water resources plans. 
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ADDITIONAL STUDIES OF REMOTE SENSING APPLICATIONS 

Tornado Damaye Assessment 

On July 23, 1973, a tornado severly damaged approximately 20 c i ty  
blocks in Pierre, South Dakota. On the morning following the storm the 
Remote Sensing I ~ s t i t ~ t e  a i r c ra f t  was flown t o  Pierre to  col lect  aerial  
vertical and oblique photography. Supplemental ground photography was 

also collected. 
The photography was processed a t  the Remote Sensing Ins t i tu te  photo 

lab and provided t o  the Civil Defense Office in Pierre. Excellent photographic 
coverage was obta'ned. Storm damage i s  cleerly evident as shown in Figure 1 6  

which i s  an example of the aerial imagery obtairred. 

Figure 16. Color infrared aeriai photography i l  lustrating abll i t y  for 
assessing tornado dama~e. Film 2443, f i l t e r s  f 5 and 40M, 
a1 t i  tude 450 meters (1500 fee t  J ,  Hassel blad camera w i t h  
50 mm lens, 



I - ,  
I I I L  use o f  tqt i i iote s ~ ~ r s i n c ,  iiria ;ot- i i ~ ~ ~ j ~ i ~ r g  LIIG S C / I L C ; U I . ~ I I ~  siorrn 

I cleanup operations Includes the fo l lowing:  

! a. determining extent o f  area damaged 
b. d i rec t ing debris clearance 

c. rout ing t r a f f i c  

d. determining damage t o  u t i l i t i e s  

e. estimating damage t o  structures 

f. determining temporary housing requirements 

g. others. 

The l e t t e r s  from the o f f i c e  of the South Dakota C i v i l  Defense 

(Appendix C )  ind icate  t ha t  remote sensing Imagery I s  useful f o r  planning 

and d i rec t ing  cleanup operations. I t  i s  expected t ha t  t h i s  remote sensing 

operation, along w i t h  the one covering the Rapid C i t y  f lood i n  1972 (SDSU- 

R S I  repor t  72-11), w i l l  lead t o  formation o f  a contingency plan by the State 

C i v i l  Def'znse Agency f o r  c a l l i n g  on the Remote Sensing I n s t i t u t e  f o r  imme- 

d ia te  remote sensing coverage o f  d isasters for  evaluation and planning purposes. 

A f i e l d  invest igat ion repor t  e n t i t l e d  Remote Sensing f o r  Evaluating 

Post-Disaster Damage Conditions, SDSU-RSI-74-2, was completed on t h i s  subject 

and submitted to  NASA i n  August 1974. 

Hai 1 Damaqe Evaluation 

During the 1973 growing season, the Plant Stfsnce Department a t  the South 
Dakota State ~ r r i v e r s i t y  was engaged I n  a control  led study o f  simulated h a i l  

damage on oats. This study presented an opportunity t o  observe and record 
rad ia t ion changes as the crop matured and as simulated damage was Imposed. 

Therefore, a cooperative e f fo r t  was established between the P lant  Science 

Department and the Remote Sensing I ns t i t u t e ,  The rad ia t ion  change data were 

recorded on three d i f f e ren t  dates using an Exotech radiometer f i l t e r e d  I n  the 

same wavelength bands as t ha t  recorded by ERTS-1. A second Exotech radiometer 

was used t o  measure lncornlng rad ia t ion  simultaneously w l t h  the re f lec ted  

rad ia t lon so. t ha t  net  dif ferences can be determined. These d a b  have been 

p a r t i a l l y  analyzed w i t h  some Ind ica t ion  o f  s t gn i f i cbn t  resul ts.  



I n  add i t i on  t o  the above studies, natura l  h a i l  damage repo r t s  were 

c a r e f u l l y  monitored t o  f i nd  an occurrence which coincided c l o s e l y  w i t h  

an ERTS-1 overpass, On Ju l y  1, 1973, heavy h a i l  caused extensive damage 

i n  an area near Pol lock, South Dakota. Ha i l  stones about an i n c h  i n  
diameter were reported. News repor ts  sa id  crops were completely destroyed 

i n  an area a t w t  10 mi les  wide and 15 mi les  long east o f  Pol lock, South 

Dakota. . 

Figure 17 i s  a  photograph o f  an Eir.TS-1 (Ju ly  8, 1973) band 5 m o s ~ i z  

on which areal  h a i l  damage was in te rpre ted .  Band 5 presented the niost 

cont ras t  f o r  i n te rp re ta t i on ;  however, bands 4 and 6 a i so  showed some 

re f lec tance changes. The re f lec tance changes were no t  as apparent on 

band 7. The broken l i n e  on Figi j re 17 o u t l i n e s  an apparent re f lec tar lce  

change which was in te rpre ted  as h a i l  damage. The s o l i d  1  i n e  represer,ts the  

h a i l  damage boundary l i n e  as determined by f i e l d  p ~ r s o n n e l  from the Weither 

Contr2l Comnission a t  Pierre,  South Dakota, The f i e l d  personnel establ ished 

the damage boundary l i n e  by ground observat ion and in te rv iews w i t h  th8  

farmers. The sever ly  hai 1-damaged dreas appear t o  be v i sua l  ly i nterpre tab lc  

on ERTS-1. Areas determined by ground eva lua t ion  t o  have medium t o  1  i g h t  

damage were no t  v i s u a l l y  in te rpre tab le .  I t  i s  hoped t h a t  t he  r e s u l t s  o f  the 

con t ro l  l e d  experiment w i  11 1 ead t o  data ana lys is  techniques t h a t  w i l l  improve 

the i n t e r p r e t a b i l i t y  o f  ERTS-1 t o  inc lude medium t o  1  i g h t  hai  1  damage 

assessment. 

Contact has been establ ished w i t h  the Ha i l  Insurance Adjustment and 

Reseerch Associat ion and a  b r i e f i n g  o f  our work '-s been presented t o  them, 

They have shown a  considerable i n t e r e s t  i n  what has been done s ince a  grosc 

quick est imate o f  extensive crop damage would be valuable t o  them, Preser; 

delays i n  r e c e i p t  of ERTS-1 imagery would make a quick assessment o f  damage 

in feas ib le ;  however, cont inuat ion  o f  the  developnterlt o f  such a c a p a b i l i t y  

i s  important fo r  use when s a t e l l  i t e  Imagery c loser  t o  r e a l  t ime does become 

avai lab le,  
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Data Ana 1  v s i  s  

The K-class r e p w t  SDSU-RSI 73- 08 was completed du r i ng  t h i s  pe r i od  

o f  tirne. Ar, appendix was a l s o  w r i t t e n  which descr jbes K-class. Th is  

appendix may be at tached t o  and used t o  acqua in t  readers  o f  r e p o r t s  i n  

which K-class i s  used as the c l a s s i f i e r  t o  t he  d e c i s i o n  processes. 

An a p p t r ~ u i x  was w r i t t e n  t o  descr ibe  a  mode-seeking procedure r e f e r r e d  

t o  as MODE1. Tne pgrpose o f  t h i s  appendix i s  s i m i l a r  t o  t h e  K-class appendix, 

The MOgE1 cotnputer program and a  procedure which uses t h e  MODE1 r e s u l t s  t o  

t r a i n  t h e  K-class c l a s s i f i e r  i s  i nc luded  i n  SDSU-RSI r e p o r t  73-11. I n  

a d d i t i o n  a  MODE2 computer program was co r rec ted  and made opera t iona l .  

As an a l t e r n a t e  approach t o  Rober t 's  g r a d i e n t  f o r  edge and l i n e  

de tec t ion ,  and f o r  low s igna l - to -no i  se r a t i o s  s i t u a t i o n s ,  t h e  s tudy o f  

U. Montanar i 's  a r t i c l e  "On t he  Optimal De tec t i on  o f  Curves i n  Noisy 

P i c t u res "  was pursued. I t  appears t h a t  t h e  work done t o  d e t e c t  l i n e s  and 

edges by Monlanar i  cou ld  we l l  p rov i de  a  v e r y  u s e f u l  t o o l  t o  a i d  land  use 

p lan l lers  and o the rs  concerned w i t h  boundar ies between d i f f e r e n t  geo log ic ,  

c rop  and s o i l s  boundaries. 

The work t h a t  cou ld  be done t o  improve t h e  reco rd i ng  o f  t h e  image which 

con ta i ns  l i n e s  and edges, and t o  eva lua te  Montanar i ' s  a l g o r i t h m  i n  low 

s i gna l - t o -no i se  environments i s :  

1) Generate l i n e  im-ges w i t h  a d d i t i v e  Ray le igh no ise  

2 )  D i sp l ay  these images on t he  SADE system moni tor .  Th i s  

w i l l  p r ov i de  a  r e a l i s t i c  human i n t e r p r e t a t i o n  as t o  t h e  

s igna l - to -no ise  r a t i o  which i s  de tec tab le  by t h e  eye, and 

t o  compare the human r e s u l t s  w i t h  t he  a lgor i thm.  Th i s  has 

n o t  been done by Montanar i  i n  h i s  paper. Only computer 1  i n e  

p r i n t e r  outputs  have been used 

3 )  Program Clontanari 's a l g o r i t h m  on t h e  IBM computer 

4 )  Apply t h e  a l go r i t hm  t o  images c a r r e n t l y  under s tudy  by 
o the r  i n v e s t i g a t o r s  and eva lua te  t h e  usefulness o f  

Montanar i  ' s  a l go r i t hm  t o  a i d  these i n v e s t i g a t o r s  i n  

deterrni n i ng  boundaries. 
4e 



Tu improve the recogr l i t ion accuracy of s o i l  types, i t  was decided 

t h a t  spa t i a l  fea ture  ex t rac t i on  techniques should be programed f o r  

use on the I B M  system. Computer programs o f  t he  two dimensional f a s t  

Four ier  transform, the Binary Four ie r  Representation (BIFORE) and s l a n t  

transforms were received from L. K i rv ida  o f  Honeywell Inc. N. Ahmed 

o f  Kansas Sta te  Un ive rs i t y  a l so  suppl i ed  h i s  vers ion o f  t he  two-dimensional 

BIFORE algori thm. Each o f  these a lgor i thms has been usefu l  t o  e x t r a c t  

spa r ia l  features. Time d i d  n o t  permi t  t he  evaluat ion o f  these a lgor i thms 

t o  see whether the use of spa t i a l  features improved the  c l a s s i f ~ c a t i o n  

accuracy o f  s o i l  types. 

The use o f  the coherence funct ion has been usefu l  i n  comnunication 

systems and should be used t o  determine s p a t i a l  frequency features i n  images. 

The computer program t o  e x t r a c t  t he  coherence f u n c t i o n  f ronl one-dimensional 

f a s t  Four ier  transform frequency data was developed. Again the l a c k  of t ime 

d i d  no t  permi t  evaluat ion o f  the  usefulness o f  the  ccherence funct ion.  This 

area o f  study should be pursued. 

A Map o f  S o i l  Textures and Land Forms on ERTS-1 Imagery 

The Brookings County Map o f  "So i l  Textures and Land Forms on ERTS-1 

Imagery", (Appendix D)  contains i n f o m a t i o n  pe r ta in ing  t o  so i  1 pti, organic 

mat ter  content,  and potassium and phosphorus i n  ten s o i l  areas i n  the coun:y. 

The general s o i l  textures and land form zreas are  del ineated on an ERTS-1 

image. 

The Brookings County map includes so i  1 f a c t o r s  needed f o r  d e t e r ~ i n i n g  

herb ic ide  a p p l i c a t i o n  ra tes  and the  s ta tus  of c e r t a i n  s o i l  nutr ientc.  The 

p r i n c i p a l  u t i l i t y  o f  the background soi 1 i n fo rmat ion  combined w i t h  the  ERTS-1 
image i s  i n  i t s  use by farmers, county agents and other  advisors, and by 

a e r i a l  o r  ground appl icators,  i n  t h e i r  operations. 

The s o t l s  in fo rmat ion  has been avat lab le  prev ious ly  bu t  never i n  chts 
unlque form which makes i t  so convenient t o  i n t e r p r e t  and use. Appl l ca to rs ,  

farmers, and others can p ick  out  i nd i v idua l  farms on the  ERTS- i  imagery and 

qu i ck l y  determine s p e c i f i c  information pe r ta in ing  t o  t h a t  farm and others 
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i n  the  same s o i l  associat ion area, 

In format ion re la ted  t o  farming pract jces,  t o  a v a i l a b i l i t y  o f  ground 

water, t o  land sales values, t o  land use and land use planning, and other  

in fo rmat ion  can be i n f e r r e d  from the county ERTS-1 map. 

Many environmental var iab les  i nc lud ing  so i  1 f a c t o r s  a f f z c t  the  
i 

performance o f  s o i l  appl ied herbicides. S o i l  tex ture ,  organic mat ter  and 

I pH are  important c r i t e r i a .  Soi 1 t e s t  r e s u l t s  prov ide accurate i nd i ca t i ons  
1 o f  these factors. 

I The a p p l i c a t i o n  r a t e  f o r  many so i l - app l i ed  herb ic ides i s  based on s o i l  

! t ex tu re  and organic matter. Excessive ra tes  r e s u l t  i n  needless expenditures 

o f  product, adding unnecessary amounts o f  pes5ic ide t o  the  environment, 

and can resu l  t i n  crap i n ju ry .  I n s u f f i c i e n t  ra tes  means "wasted" expen- 

d i t u r e  f o r  product purchased i f  weed con t ro l  i s  unsat is fac tory .  Many 

I product l abe l s  and r e c c m e n d ~ t i o n s  inc lude a t a b l e  as shown below. This 

ind ica tes  thc  impartance o f  knowing s o i l  t e x t u r e  and organic matter,  

,.bs. "Lexone" Per Acre1 
j, t o  2% 2 t o  4% More 
7 - -  

Soi 1 Texture* 01 ganic Mat ter  Organic Mat te r  Organic Mat ter  

Loamy sand, 
sandy1  oam - Do Not Use 314 1 

Loam, s i l t  loam 
s i 1  t, sandy clay, 
s a n d y c l a y l o a m  3/4 t o  1 1 t o  1% 1% t o  1% 

S i l t y  cla;, A l t y  
c l a y  loam, c lay,  
c l a y  loam - 1 t o  1% 14 t o  1% 1% t o  1 3/4 
Miss i ss ipp i  
Del ta Only 14 1 3/4 2 

* Do n o t  use on sand rrcr on so i  1s w i t h  l ess  than %% organic mat te r  as crop 
i n j u r y  may r e s u l t .  

From "Lexbne" labe l  f o r  met r ibuz in  on soybeans 

S o i l  pH i s  important i n  some s i tua t ions .  High pH i s  associated w i t h  
I 
1 crop i n j u r y  v i t h  some herb ic ide  treatments, A l i m i t e d  number of products 

should no t  be used on s o i l s  having pH's h igher  than s p e c i f i c  s t ~ t e d  values, 

1 These values m y  vary w i t h i n  f i e l d s ,  however, data from an area are helpfu l  



i n  predicting where problems may be more prevalent. 
Growers can obtain the most precise soi l  information from individual 

f ie ld  t e s t  results , however, more general information from larger areas 
i s  helpful t o  dealers, applicators and industry personnel. I t  is helpful 
in determining general use patterns w i t h i n  areas and in identifying areas 
where performance problems might be expected. Proper consideration of 
these factors can prevent problem occurrences, thereby e l  imi nating crop 
losses due to  poor performance or  crop phytotoxicity. 

In view of the above, i t  would appear that  maps of th i s  type, using 
ERTS-1 imagery as a base, could prove t o  be very hclpful . Similar maps, 
could be produced for  other counties and could perhaps be modified to  show 
other specialized information as required. The important aspect of th is  
application of ERTS-1 imagery is that  i t  i s  uti l ized to  present available 
information, in an easily applicable manner, t o  users for  practical pur- 
poses. An aerial applicator for example, may not take the time to look up 
so i l s  information existing i n  tabular or narrative form, b u t  he may very 
we1 1 make a direct  application of the same information which i s  conveniently 
displayed on an ERTS-1 base map. 

I t  is recomnended that  continuing effor ts  be made to  adapt existing 
and newly discovered information t o  presentation on ERTS-1 base maps for  
convenient and practical use i n  operational situations. 

The Soils Textures and Land Forms Map of Brookings County was sent 
to  the South Dakota Congress1 onal Representatives. The rep1 ies (Appendix E ) 
indicate their  interest  i n  this usage of ERTS-1 imagery. 



A Map o f  So i l  Association Value Areas 

A Map o f  So i l  Association value areas was completed i n  November, 1973. 

Three groups cooperated t o  prepare the map: (1) s o i l  survey researchers 

from the South Dakota State Univers i ty  Agr i cu l tu ra l  Experiment Stzrtion and 

the USDA So i l  conservation Service who prepared the So i l  Association sep- 

arat ions; (2) the Directors of Assessment and the South Dakota Department 

o f  Revenue o f f i ce rs  who compiled the land sales o f  unimproved agr i cu l tu ra l  

land by So i l  Associations; and (3) the South Dakota State Univers i ty  

Remote Sensing I ns t i t u t e ,  and the National Aeronautic and Space Administ rat ion 

contract  No. NASA-ERTS NAS5-21774, who furnished and prepared the ERTS 

Base Map from s a t e l l i t e  imagery upon which So i l  Association Value Areas are 

drafted . 
The ERTS mosaic used f o r  the base map was complied from scenes taken 

i n  May and June 1973. The imagery consists o f  negative p r i n t s  from Band 

7 o f  the mul t i -spectra l  scanner aboard the ERTS s a t e l l i t e .  To prepare a 

base map o f  South Dakota using Conventional Aer ia l  photographs, i t  i s  

estimated t ha t  30,000 separate photographs would be necessary, cost ing 

about $250,000. The ERTS base map used was complied using only 20 ERTS 

scenes a t  a far  more reasonable cost. 

The So i l  Association Value Area Map i s  included i n  t h i s  repor t  a t  

Appendix E. The map legends included are such t ha t  the user can read i l y  

i n t e r p r e t  the information displayed. 
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P. 0 .  I)or 1357, Bunm, South Dakota 57350 

M r .  Joe A. Vitale, Chief 
Winee r ing  Syetemo Design Branch 
Offico of University Affaire 
NASA Code Y Room 6125 
!@O illaryland Ave. S. W. 
Waahiugton, D. C. 20546 

Dear Fk. Vi tde :  

Dr F'red C. Weatin scggeeted that you mey be interested in some of the 
work in i t ia ted  in South Dakota exploring msthode in whloh ERTS wry 
may impmve or  aocelerate our  eo i l  aunrey pmgmm. In Elaxoh, I foxwarded 
blmk a d  white E2V.S imagery a t  1 : 1,000,000 end 1 : 250,000 eoalee, Band 5 
end Band 7, t o  eeleoted e o i l  eoientiets. The purpose aa outlined to them 
w a e  t o  keep oureelves up +x, date on tha tgpe of data tha t  is available, 
end t o  e e r i w l y  review and e * d y  the imagery for any methob in whioh it 
m a g  e s e i ~ l t  ua in our s o i l  8un~0y program o r  land use interpretatione. 
Some of the tfiingtl we ~uggeeted f o r  consideration were: 

1. Ref;ir.tng o r  eharpsning of our general s o i l  aaeooiatim areas 

2. Would it tlseiet ua in outlining gonsral are- of different 
eoil~ that do not seem to  appear on our present trhotogmpby; 
f o r  erample, vculd it help ue eeparate eome of our silty d r i f t  
areas or  geologio area that be reflected in our eo i l  
suntey delineetiom? 

3. Broader vegetative o r  land use pat te rm that r ~ a y  be indicative 
of eo i l  pattenre. 

4. The poeeibility of using fhs EEFPS back,g'cmund a t  a 1 :250,000 
eoale f o r  inore imprsaeive demonatration, edwational, o r  
informational wee .  

The EIES imagery wae rurniehed ua by the Remote Ssneing Eirrtitute at  
Bmok-. We hope t o  follow up t h i a  projeot with erne 1974 EKTS imagery 
f o r  etudy by f i e l d  eo i l  so lmt ie te .  Ths R a t e  Se~leing h t i t u t e  aleo kae 
rwniehad ue a fev erleoted oolor oompoeitee vhioh w i l l  be ewaluated. 

I em attaahing oopiea of the original connnsnte reoeived from our f i e l d  eo i l  
esimitiet  6 .  Our eo i l  ourpey s t a f f  h.e not yet appraised o r  follbwed up with 
our ooi l  soienfiote on th ie  pmjeot. Thio w i l l  be done t h i s  winter. In 



I 
M r .  Joe A. Vitale 

sorne oaoea, we p l m  for pernonnel of the 2mote Sansin& Inotitute to work 

I with o w  poople on htorprctation of t h i o  lmngcry. I ,.rpyrer,iato the excellent 
cooparation of the personnel of the Ranote Sensing Institute and Plant 6oisnae 
Department at South Mots Stata UnFveraity in working with t h i e  Qts. 

i 
I believe it ie evident that in some oountiee the wry will aasiet us in 
nore aoourntoly delineating broad eoil areas in adMtion to other features 
as fpologic are- and l m d  use patterne. Before drawing any ooncluoione for 
ime .In eoil eurvey, it is neoeoaary that we follo~r up with our eoil soientlete 
during rn 1975. 

D. L. B d a t e r  
State Soil Soientiot 
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te"3ttz ;?.&i k-i j ziz i-; m y  &ia Z; Ceu-iea.i,L12; soi l  associations ... . 

. CG-T';~. 

3.  '2.-2 1:2j3,C23 scLs, 2;-.L 53 k x g e q -  S!!OWS cultuxxs2 features .. - -. LeVcs2 -L:-ixA DL:L '7. . .c;, .UGS, rxiy i n  d&aeathg soil 
Gsso~zGic;?s 'H-iLi&l a co+ii;--~-~, 

I;, Z Se1Leve coio-2 caiosites  of the i;2;0,060 scale woCLd be . 
Z&pZr;l L-, ;icic;ia &*r.ezi2 soils ~ 2 s .  I wotilri a;rpmciate this 
p&-..-T 2: i= 6vdLkiee 

5. 21e ;-ky ir;.ags=-g is & - = e r  62224 has sore detail than the 
GcAu0'ae~ i iaage~j  fc-I. both Wds. Tie October irpagery, however, 
q ? s e s  t o  2ave s u  cio& cover kiinAcb ;~ay obscw t i  land 
?G-bi~t?~Yl. 

I w c i  &p;.eci&%s 26c&$d4 aZviy r"02row1i? sets  of *erg. 

-. . cc-taD3e-=-l 3. i;cL';a;-, 4 * t ~ w  Cosseava%ionis%, S S ,  Sfoau Falls, South Pokota 11 . 
.w 
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RICHARD F.  KNElP 
(POI Eh'\Uh' 

STATE OF SOUTH DAKOTA 

OFFICE OF THE ADJUTANT GENERAL 

STATE CIVIL DEFENSE 
STATE EMERGENCY OPERATIONS CENTER 

STATE SAPITOL BUILDING 

PIERRE, SOUTH DAKOTA 57501 

3 0  Ju ly  1973 

Victor I. Myers, Director 
Remote Sensing I n s t i t u t e  
South Dakota S t a t e  University 
Brookings, South Dakota 5 7 0 0 6  

Dear M r .  Myers: 

MAJ. GEN. DUANE L. CORNING 
DIRLCTOR 

Thank you very much f o r  the  copies of photos taken by pour I n s t i t u t e  show- 
ing the  damaged areas  i n  Pier re  on the Ju ly  24, 1973, tornado. 

I am sorry t h a t  we did  not advise you so tha t  you had immediate knowledge 
of the  tornado, however, we w i l l  c e r t a in ly  attempt t o  do t h i s  i n  a l l  future 
incidents  such a s  t h i s  and hopefully allow you more planning time for  accom- 
pl ishing such a mission. 

These photos a r e  very benef ic ia l  i n  determining the  scope of damage and you 
can be assured t h a t  we appreciate i t  immensely. 

Sincerely, - A 

Deputy C i v i l  Defznse Director 
for  South Dakota 



RICHARD F. KNElP 
COVLRNOR 

STATE OF SOU CH DAKOTA 

OFFICE OF T H E  ADJUTANT GENERAL 

STATE CIVIL DEFENSE 
STATE EMERGENCY OPERATIONS CENTER 

STATE CAPITOL BUILDING 

PIERRE, SOUTH DAKOTA 57501 

19 November 1973 

M r .  Victor  Myers 
Remote Sensing I n s t i t u t e  
Harding Hall  
South Dakota S t a t e  Univers i ty  
Brookings, South Dakota 57006 

Dear Mr. Myers : 

After  the  Black H i l l s  f lood of  June 9, 1972, your I n s t i t u t e  compiled a docu- 
ment o f  photos valuable  i n  damage assessment immediately a f t e r  t h e  flood and 
important i n  de l inea t ing  the  flood p l a i n  a r ea  f o r  long-range f lood p l a i n  a n -  
agement . 
Again a s  a r e s u l t  o f  a small tornado i n  P i e r r e  t h i s  year  t h e  imagery provided 
a s s i s t e d  a g r e a t  d e a l  i n  i den t i fy ing  the  path of and damage caused by t h i s  
inc ident .  

A s  a r e s u l t  of these  twc s p e c i f i c  ca ses ,  and the  uses  t o  which the  photos 
a s s i s t e d  i n  damage assessment; i c ien i i f ica t ion  of  the  hazard a r e a s  tind long- 
range planning, we would hope t h a t  your I n s t i t u t i o n  could cont inue t o  pro- 
vide t h i s  s e rv i ce  i n  the  event o f  fu tu re  d i s a s t e r s .  

S incere ly ,  

Deputy C i v i l  Defense Direc tor  
f o r  Srjuth Dakota 
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I anu mu., 
FRANK E. DENHOLM COWMI- ON AORICULTURI 

18a1 H W I C  Omu Unorr 
WAmwnm.0.C. WBlS l . ramm. .arn~um~ U O D Y Y m m l  

t- (nn) uLuol UYORDCX A N D  0MIm 

I DOYILmC MAIIUL11NO A N D  

&ongres% of 4e Mniteb %tat$ C O # U M ~  rcunonr 
O I ~ I C T  PIPI) ~CTICCSI OOARTMDCT -now 

41 F- #-PI . 
a n n m t w s  Snrm DAMOTA 57- Fotrs'e of %lrprc!lmtatibte' ~ w ~ m t r m ~ n n  ~.SI.TUII 1 ELLP~(ONI (605) 63L-457; M R .  ARTHUR 0 ANDCRSON 

400 ~ A- tWaarljin@m, S.C. 20515 

September 19, 1974 

Mr. Victor I. Myers, Director 
Remote Sensing Institute 
South Dakota State Unrversity 
BrooXings, . . South Dakota 57006 

Reurlet 9/13/74 

Dear Victor: 

I acknowledge with gratitude the receipt of your above ref- 
erenced letter together with a map of soil textures and land forms on 
Earth Resources Technology Satellite (ERTS- 1) Imagery of the County 
of Brookings , South Dakota. 

1 have reviewed the enclosures with interest and I commend 
you and your associates on an excellent presentation of the vital s e r -  
vices of ERTS- 1 Imagery to the industry of Agriculture. 

I am forwareing a copy of the enclosures to my g m d  friend 
;he Honorable W. Re "BOB" IDAGE,  Chairman of the House Jommit- 
tee on Agriculture for h i s  information and evaluation of the essential 
services of ERTS to rural  America. 

It was thoughtful of you to write to mc a s  you did and ? wel- 
come your advice and counsel on all future matters of matual interest. 

Thank you very much. 

Sincerely, 

FED/A/dc 
(3) 

74-9-47s 
cc: Honorable W. R e  Poage, Chairman (info. w/encle.) 

House Cornmitte: on Agriculture 
1301 House Office Building 
Washiagcon, D. C. 20515 



GEORGE MCGOVLRN 
OOUTW DAKOTA 

Dear kr .  Myers: 

Thank you fo;? your recent l e t t e r .  

I agree t h a t  the  technology of the Earth Resources 
Technology S a t e l l i t e  will prove t o  be extremely 
valuable i n  the  management of our natural resources. 

W i t h  everj  good wish, ! am 

Sincerely vours . 
& rge ) n c L  McGovern 

Victor I .  Myers, Director 
Remote Sensing In s t i t u t e  
South Dakota S ta te  University 
Brookings, South Dakota 570C5 



JAMES ABDNOR 
&Dl-. bovm Ducmr 

1 W  L P t Q W o N  eulunm 
Wum~mron.  D.C. M l S  

(202) 2zS5llm 

w7 KAUU Cm. WID C m  
(a) - 

September 30, 1974 

VETERANS' AFFAIRS 

Dr. Victor I .  Myers, Cirec tor  
Remote Sensing I n s t i t u t e  
South Dakota S t a t e  University 
Brookings, South Dakota 57006 

Dear D r .  Myers : 

Thanb mu very much f o r  the  ERTS-1 image of Brookings County and 
the  . . mator ,  infcnnation which r e l a t z s  t o  i t s  applicat ion.  I 
know ti 'at providing information on s o i l s  is but  one of a mult i tude 
of  po ten t i a l  p r a c t i c a l  applicat ions of s a t e l l i t e  imagery. 

I look forward t o  being of any ass is tance  poss ib le  i n  t h e  f u r t h e r  
develozaent of remote sensing technology, and I look forward t o  your 
continued i n t e r e s t  i n  keeping me informed i n  t h i s  regard. 

@ ~ E s  ABDNOR 
Member o f  Collgres s 
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River 

C-10 Hilly clays from Cret:lcC 
11ior;tiil~s. 

c.1 1 IIiIly IO;III~S fro111 g\i~ci:lI 
D-Grain Crops. general n~riclllt 

average sale pricc per acre ) . 
1) 1 < ; c ~ ~ t l y  undul;~tillg sill 

fro111 stngnnnt icc inatcri 
D 2 Ccntlv ~~nc l~ i l i~ t ing  Ion 

from glacial till. 
D :3 L'ntl~ll:lti~ig hilt? clay lo 

nant ice ni;~tcrials. 
1) 4 Scarly lev-l cl;~y ~O:IIIIS f 
D 5 Untlnlnti~lg clays fro 

sllales. 
D 6 'C'ndnlating snncly loam, 

from Terti:lry niaterialb 
D 7 Undulating silty cia!. 1 

landc from loess. 
D 8 Sr;lrly Icvc1 h a m s  01 

along Cllcyenne River. 
1) 9 'C'ntluInting silty clay 11 

nnnt ire materials. 
Dl0 Gently untlulatillq silt: 

tcrrarcs i~long \!issour 
~1 - ~ . ~ . ~ ~ r r n l  Crops ( 8!)0-$115 

1"' "re 1. 
131-1 LTndulating clays f l  

slialcs. 

SOIL ASSOCIATION VALUE AREAS 

Based on Major Land Use, 1967-72 Sale Prices of Unim- 
proved Agricultural Land. (4.653 Sales). and Soils. 

R.2-5 1:olli11~ \:tncl\. 111;1111\ :111(1 c'I:I\.. of (111. 





ERTS Imagery Lase Map. Scale about 1 :1,000,000 (1" - about 16 miles) 

\ I ) I I I I I  t I l i \  111;tl): -I71r(*c- < ~ I I I I I ) \  ~ I I I I ~ ) ~ ~ ~ ; I I ~ Y ~  10 
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l i t i ~ n a l  Infor tnat ion on Back of Map) l'r0111 1 1 1 ~  SIIIIIII I ) ; I I , I I~ ; I  SI;IIP 1.11i\'*r\it\ \<rie111- 
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Value of Map Areas Based on Sales 
1967-1 972 (4,653 sales for state) 

Value in 
No. of Map Dc~ll:ir< No. of 

Salrs Area /Acre Sales 

24 Db 78.00 2 
7 D9 89.20 85 

134 El-1 97.92 93 
158 €1-2 115.88 170 
101 El-3 105.74 107 
238 El -4 90.49 117 

27 El-6 125.36 22 
11 E2-1 117.59 193 
19 E2-2121.81 193 
70 E2-3 119.98 108 
91 E2-4 149.24 8 
36 E2-5 130.66 3 
20 E2-6 127.58 64 

568 F1-1 164.59 390 
38 F1-2 142.59 74  
42 Fl-3 140.47 29 

146 F2-1164.07 14 
51 F2-2 180.03 55 

573 F2-3 171.54 25 
71 F2-4 183.50 32 
57 G I  253.09 81 
38 G2 238.20 133 
32 G3 226.82 29 
24 H I  281.33 50 

-- - 

TOTAL 4,653 

S ince  l a n d  s a l e  p r i c e s  f l  uc:.uate, 
sometimes w i d e l y  o v e r  s h o r t  p e r i o d s  o f  
t ime ,  t h e  f i g u r e s  i n  t h i s  p u b l i c a t i o n  
a r e  v a l u a b l e  n ia in ly  i n  t h e i r  r e l a t i o n -  
s h i p  t o  each o t h e r .  I n  o t h e r  words,  t h e  
r e l a t i v e  va lues  a re  more s i g n i f i c a n t  
than t h e  absolnlte va lues .  I n  r e g a r d  t o  
a b s o l u t e  va lue  ddta  f o r  a  p e r i o d  1967- 
1969 compared ,.J 1970-1972 showed t l l a t  
f o r  t h e  s t d t e  as a  whole,  va lues  i n -  
creased 1 3 ,  c v e r  t h i s  p e r i o d .  B u t  t h i s  
v a r i e d  among c o u n t i e s  f o r  a  n e t  l o s s  ~f 
7',, f o r  one county  and a  n e t  g a i n  o f  7 1 i  
f o r  ano the r  county.  Over 4,600 bona 
C i  ae t r a n s a c t i o n s  o f  unimproved l a n d  
were used i n  t h i s  c o m p i l a t i o n .  Land 
s a l e  p r i c e s  have a l s o  i n c r e a s e d  s i n c e  
January 1973. Es t ima tes  o f  t h i s  average 
i n c r e a s e  range f r o m  2 few percentage 
~ o i n t , ~  &I- a : ;h- ..,__-- 

P-' 
7 - 7 ,  -- ., 



Note about ERTS Imagery 
'l'l~c l<H'l'S mosaic usctl tor tlli\ I,i~\c milp \va\ 

co~nl)iIrtl troll1 2O IIYI'S hccrlc\ tnkc.11 ill \l;i> iultl 
Jr l~lr  1973. 'l'llr illlagcry consists of llcg;lti\r 
l)rillt\ froln l;.111d i of t11c .\lr~lti\l)cetral Sc;u~llrr 
of tllr I<Ii71'S s;~ti.llitc orl)itilrg thC c;trth ;it a tlis- 
t;l~lcc of ;~l)out 330 ~niles. 'I'llc \lSS recorcls ellerg! 
~~cflcctctl I)!. tllc leatures of tllr r;u.tl~ in 4 hantls, 
c.;lcll ill :I tlifl'rrrl~t ]:.art of the spectrum. 13i11ltl 4 is 
;II tllc green. :3;untl 5 in tllc \ isil~lc recl :und Hallds 
r,  ;11ltI 7 i l l  t11r I I C ; I ~  i~~f r ;~ r r t l .  

0 1 1  tllc llegiiti\c pri~it \  o f  Band 7 usctl for this 
1)i1+1* III;II). \ \ ;~ tcr  reflect\ \vl~itc, f;lllo\v or hare 
soil \e r \  light gra!. ~ l io \ t  grass mcclirlnl to light 
gr;~!,. ant1 \ igororl\ly grot\ illg \,cgct;~tion tlnrk 
gr;~!. 'l'llus. I I I I I ~ I I  ci~ll I)r clrtlucetl about soil rlsc 
fro111 tile reflr.ctallccs of just c;~lc of tllr I N T S  
I,a~.tls. 1%:. colnl);iri~~l; rcflrct;~~lccs of ell 4 ER'I'S 
1ISS Ii;111tl\ "sigllilti~rc\" c;111 I)e tlctrrminctl 
itliwtif!i~~g \irt11;11I\ ill1 rlsr\ o f  foils. Ill'I'S lno- 
s;lic!, ;I\ tile o ~ l r  ~ I I ! ) \ ~ I I ,  l)r:)\,itlr ;I nri1r ortllo- 
gr;tl)!~ic. ic\v ( \cry little clistortio~l ) .  'I'llc nlos;tic 
s luo\ \~l  is ;it ;I sc;llc of a l ~ o r ~ t  1: 1,000,000 I)r~t tllc 
it~li~jit,rv ~ ; I I I  e~ll;~rgetl to very i~\c~al)lr  Inaps ; ~ t  
scales .I\ I;lrge ;I\ 1 : 100,000. ;\1\o. false color com- 
po\itr\ of 2. 3. or 4 I);u~tls at rlif!'crcllt sc;~lcs call 
I)c ~)r r~) ; l ruI  to :~itl in itlrntifying soil rlsrs. ;~rltl for 
I~vtlrologic. grologic, grogral)l~ic ;111cl otllrr stutl- 
i t k c .  I 'o ~ ~ r i ~ ~ ) ; l r e  ;I I);l\c IIKII) 01 Soutl~ !)nLota r ~ s i ~ ~ g  
co~~\c. t~tiol~;l l  irerial ~)llotogr;~l)lls. it is c\ t i~n;~tctl  
tll;~r :10,000 \rl)aratc p11otogr;il)lls \voilltl I)c !tc!ecs- 
\ar! costing ;~l)or~t S230.000. '1.11~ i4:Ii'I'S I)a\c Illal) 
usctl \\,;I\  co~lll)ilc:l ur i l~g 40 EII'I'S \cc.~lc.s. Il:ItTS 
prillts C;III 1 ) ~  ol)t;~i~li-(l ;it I I ~ I ~ I ~ I I ~ I I  cost fro111 tllc 
l<liOS I) ; I~ ; I  C : r~~ t r r .  Sio11x F;~ll\. 5. I). 'l'l~e Eli'I'S 
satcllitc ~ ~ r o \  idc\ col~~l) l r tc  covcrilgo of the st:ltr 
tbt  tbr!, 1 S (I iiys. 
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